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ABSTRACT : 

PROBLEM TO BE SOLVED: To make a hologram in a minute area or to 
record an 

embedded hologram in various kinds of substrates. 

SOLUTION: In the method and device for manufacturing a hologram, a 
two -beam 

laser interference exposure method is used to irreversibly record a 
hologram in 

a transparent material, semiconductor material or metal material in 
the 

following steps. A femtosecond laser with 900 to 10 fsec pulse width 
and &ge ; 1 

GW peak output at the Fourier limit or approximately that limit is 
used as a 
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light source. The pulses from the laser are divided into two beams 
by a beam 

splitter, and the two beams are temporally controlled through an 
optical delay 

circuit and spatially controlled by a mirror having a flat reflection 
face and 

a mirror having a concave reflection face both rotating a small 
angle, and 

condensed on the substrate surface or in the substrate where a 
hologram is to 

be recorded, with the polarizing planes of the light parallel to each 
other and 

≥100 GW/cm2 energy density so as to make the condensed spots of 
the two 

beams temporally and spatially coincide with each other. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach a hologram and for surface area and 
thickness being minute especially, embedding being possible, and diffraction efficiency being large, and 
creating a hologram recordable on many base materials efficiently, equipment, and the product adapting 
this hologram. 
[0002] 

[Description of the Prior Art] With femtosecond laser, it is lTW(1012W)/cm2. The reaching high 
energy consistency can be obtained. When such a high energy consistency light is irradiated at an 
ingredient, the electron of high density is excited for a short time. The energy of an excitation electron is 
transformed into the vibrational energy of the ion in an ingredient within 1 nanosecond. If a threshold 
with a vibrational-energy consistency is exceeded, ion will secede from an ingredient and ablation of the 
ingredient will be carried out. If ablation arises inside an ingredient, a small hole will be made, 
consequently the effectual refractive index of an ingredient will change locally. It is the phenomenon in 
which this is called micro ablation. In this case, an ingredient is destroyed, namely, when energy density 
is a little smaller than the threshold from which ablation arises, an ingredient will not result, by the time 
it is destroyed, but refractive-index change will produce it with an atomic arrangement structural change 
in a lifting and it. 

[0003] By irradiating the high femtosecond laser of the peak energy which condensed at the spot of a 
small area at transparence crystals, such as quartz glass, BK7 optical glass, plastics (acrylic), a quartz 
crystal, and sapphire, ablation of this ingredient is carried out, consequently a minute hole is formed in 
the interior or making change of a refractive index cause by atomic arrangement structural change of this 
ingredient using the nonlinear-refractive-index effectiveness is known [****/ creating a detailed hole ]. 

[0004] for example, E.N.Glezer and E.HazunAppl.Phys.Lett. 71 and 882 (1997), and KMiura, J.Qie, 
H.Inoue, and T.Mitsuya and KHiranoiAppl.Phys.Lett. - it is reported to 71, 3329, and (1997) that the 
refractive index of the location of the arbitration in [, such as quartz glass, ] amorphous is made to 
increase, and optical waveguide can be formed. Moreover, JP, 1-267861, A is indicating the approach of 
forming marking in a glass ingredient. Moreover, creating many spots regularly with a means to 
irradiate femtosecond laser at a transparent material, and making a diffraction grating was made. 
[0005] However, the creation approach of such a diffraction grating has very bad effectiveness, in order 
to apply to a practical use component and equipment. Moreover, the ingredient which can make the 
interior produce refractive-index change is restricted, and change of a refractive index is not especially 
attained by this approach about the diamond crystal until now. 

[0006] A high femtosecond laser light of coherence nature came to be obtained by utilization of titanium 
sapphire laser. Although it was reported that the Newton ring considered to have been generated by the 
ripple pattern or interference is recorded into this ingredient (A. (M.Ozkan et al:Appl.Phys.Lett, 75 and 
3716, 1999)) and the coherency of femtosecond laser light was suggested when femtosecond laser was 
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irradiated until now at thin film materials, such as a diamond, the cause that these fine structures are 
formed was not clear. Moreover, the attempt which uses positively the coherence which titanium 
sapphire laser light has is not made until now. 

[0007] Conventionally, the hologram is created by 2 beam exposure optical system using the gas laser 
which mainly outputs continuation light with high coherence nature by using the optical photosensitivity 
organic substance or an inorganic compound as a record parent. However, since such gas laser had low 
energy density, it required time amount for record and had the technical problem of being able to use 
only a photosensitive good ingredient. Although pulse lasers, such as ruby laser, may be used in order to 
shorten time amount, an optical photosensitivity ingredient is required as a record base material even in 
this case. Moreover, it was difficult to create the hologram of an embedding mold or for surface area to 
create the minute hologram below the diameter of about 100 micrometer by one process, by this 
approach. 
[0008] 

[Means for Solving the Problem] It was not so clear in it as hologram record was possible for 
femtosecond laser whether a coherency can be maintained or not. Also for the reason, it is and 
development of a 2 beam laser aligner is not reported until now. In addition, for example, in order to 
convert the pulsed light of 100 femtoseconds into distance, and only for 30 micrometers to continue and 
for a condensing spot size to make energy density high, it is necessary to make it the diameter of about 
100 micrometer. Furthermore, as for a high density pulse, it is predicted that coherence nature 
deteriorates according to the nonlinear optical effect of an ingredient while spreading the inside of an 
ingredient. 

[0009] This invention is changed to the irradiating method by the laser beam using the photosensitive 
ingredient currently performed conventionally corresponding to these conditions. Develop the 2 beam 
hologram exposing method using femtosecond laser, and the description of the high energy consistency 
which a femtosecond pulse has, and coherence nature is used. Originally the approach of being the 
pulsed light of the pair which branched from one pulse, and recording a hologram on transparence 
organic and an inorganic material without optical photosensitivity, a semiconductor material, or a 
metallic material is realized. 

[0010] Namely, pulse width is [ 900 - 10 femtoseconds and peaking capacity of this invention ] 1GW or 
more. A FURIE limitation or it, and femtosecond laser that can be approximated are made into the light 
source. A beam splitter divides the pulse from this laser into two. The reflector which controls two 
beams in time and carries out minute rotation through an optical delay circuit controls spatially using a 
plane mirror (henceforth a "flat-surface mirror"), and a concave mirror (henceforth a "concave surface 
mirror"). Inside the base material front face which records a hologram, or a base material, plane of 
polarization is made parallel, and it is energy-density 100 GW/cm2. By condensing above and making 
the condensing spot of two beams agree in time and spatially By the formation of a form status change 
on the front face of a base material by the ablation of the base material ingredient produced by high 
density energy exposure, or atomic arrangement structural change of a base material ingredient, and/or 
refractive-index change of a base material ingredient It is the manufacture approach of the hologram by 
the 2 beam laser interference exposing method characterized by recording a hologram on a transparent 
material, a semiconductor material, or a metallic material irreversibly. 

[001 1] Pulse width is desirable, and 500 to 50 femtosecond, preferably, peaking capacity is 10GW or 
more, and makes the light source a fourier marginal pulse and femtosecond laser approximated. Energy 
density is 1 TW/cm2 preferably. It condenses above. For example, since it corresponds to 20 
micrometers of air clearances, using the refractive index of a base material as 1.5 100 femtosecond, the 
total thickness of a hologram is set to 10 micrometers or less. The optical path length of two beams can 
be changed, a hologram record depth location can be controlled by the optical delay circuit, and the 
hologram total thickness can be adjusted by changing pulse period width of face. 
[0012] Titanium sapphire laser light has realized the fourier marginal pulse mostly, and its coherence is 
very high. Such a light has a coherency and once the light which carried out the split to two beams 
When it is again made in agreement in time and spatially, without degrading coherence, when plane of 
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polarization is parallel Since the interference pattern with which the contrast of an umbra and a bright 
section clarified is produced If the threshold decided with an ingredient is set up between the energy 
densities of a bright section and an umbra, an interference pattern is recordable as a surface concavo- 
convex pattern or change of a refractive index with the above-mentioned micro explosion or an atomic 
arrangement structural change of an ingredient. 

[0013] In the manufacture approach of the hologram of this invention, each following means is 
employable. Optical way length can be changed to a mirror side to a perpendicular direction and an 
incident beam parallel and by making micromigration carry out perpendicularly with micro slide 
calipers etc., and the location of a flat-surface mirror and a concave surface mirror can be made into an 
optical delay circuit. 

[0014] In order for two femtosecond laser beams to detect that it is in agreement spatially and in time, 
the sum cycle from non-linear optics crystals, such as a BBO crystal, is used. That is, when a colliding 
point is in agreement spatially and in time inside a crystal, the sum cycle of exposure laser light occurs 
according to the non-linear optics effectiveness. After making two beams spatially in agreement within a 
BBO crystal, it can fine-adjust to an optical delay circuit, and time coincidence can be taken so that the 
reinforcement of a sum cycle may become max. As an ingredient which produces the non-linear optics 
effectiveness, when the crystal of BBO etc. is used, it is necessary to take phase matching, whenever 
[ two beam angle ] has a limit, and whenever [ beam angle ] cannot be enlarged. 
[0015] Air has the optical non-line type of Miyoshi, can replace it with the crystal of BBO etc., and can 
be used as an ingredient for detecting the existence of spatial and time coincidence of two beam 
collision locations. When 880nm femtosecond laser is used, based on the 3rd order non-line type 
multiplier of air, a wave thru/or a 3 time sum cycle (wavelength: 266nm) occur 3 times. The 
reinforcement of a wave thru/or a 3 time sum cycle is proportional to cube of optical reinforcement 3 
times. Since bright section reinforcement increases 4 times by interference as compared with an 
independent beam when two beams collided and interfere, a wave thru/or a 3 time sum cycle serve as 64 
times as many strength as this 3 times, and the existence of time and spatial coincidence can be detected 
to high sensitivity. When the Miyoshi non-linearity of air is used, the constraint to the include angle 
between beams can be removed. 

[0016] By setting up an energy density directly under [ where ablation happens ] a threshold, you can 
keep flat the shape of surface type of this base material, you can make it accompanied by the refractive- 
index modulation of the base material itself [ this ], and a surface type hologram can be formed. 
[0017] A photoinduced structural change arises by silica glass and the laser radiation of energy density 
especially comparatively low in germanium **** silica glass, consequently the volume contracts about 
3%. If this phenomenon is used, the surface relief mold hologram by the volume change accompanying 
a laser induction structural change can be formed by setting below to the threshold from which ablation 
arises beyond the threshold from which a photoinduced structural change starts an energy density. 
Furthermore, between the part which changed structurally, and the part which is not changing, since a 
difference is in the etch rate in an acid solution, if the ingredient which recorded the surface relief mold 
hologram is etched with an acid solution, the depth of surface relief can be increased and hologram 
diffraction efficiency can be raised. 

[0018] By adjusting the incidence location and include angle to this base material of two beams which 
carry out incidence from said, the transparency mold hologram to which the location and surface area of 
the depth direction of this base material were adjusted can be formed. 

[0019] Based on air and the difference of the refractive index of this base material, it is reflected on a 
base material front face, consequently more energy is absorbed by the base material by the light 
absorption in a front face, and the interaction with the reflected light, and the ablation on the front face 
of a base material becomes easy to produce a part of laser light irradiated by the base material out of air. 
Ablation on the front face of a base material can be made hard to be able to reduce reflection in a base 
material front face, and to produce by dipping a base material or applying this solution on the surface of 
a base material into the solution in which a difference with the refractive index of a base material has a 
small refractive index. Also by forming an antireflection film in a base material front face, the same 
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effectiveness is acquired and a flat surface type-like hologram can be obtained. 
[0020] The agreement location of condensing of two beams which carries out incidence to this base 
material face to face, and the size of a condensing spot are controlled by the optical delay circuit and the 
mirror, from setting it as the interior of this base material, it is embedded to the interior of a base 
material, the location and the surface area of the depth direction are adjusted, and the embedding mold 
reflective mold product hologram to which the hologram total thickness was adjusted can form by 
controlling the time-amount width of face of a laser pulse further. Under the present circumstances, 
while spreading the inside of a base material, since coherence deteriorates based on the nonlinearity of 
an ingredient, a femtosecond pulse can enlarge the embedding depth by making energy density as small 
as possible, using the small base material of nonlinearity. 

[0021] By controlling the condensing agreement location of two beams which carry out incidence to this 
base material face to face by the optical delay circuit and the condenser lens, the depth location of the 
hologram in this base material can be changed, and a multilayer hologram record medium can be formed 
by embedding two or more holograms in the depth direction. 

[0022] The domain reversal mold grid which carried out pseudo-phase matching can be formed 
adjusting the temperature of this ingredient and impressing electric field as this base material, using a 
transparence crystal or glass without inversion symmetry. 

[0023] As this base material, a surface relief mold hologram, a surface type hologram, or a volume 
hologram can be formed using a transparent ingredient or silicon, germanium, GaAs, A1N, InP, GaN and 
ZnS, ZnSe, ZnO and SiC, or the semiconductor material chosen from the mixed crystal of these between 
to the light chosen from a quartz, glass, sapphire, LiNB03, LiTa03, Zr02, CaF2, a diamond, or acrylic 
resin. 

[0024] As this base material, a surface relief mold hologram can be formed using the metallic material 
chosen from gold, silver, platinum, copper, nickel, chromium, aluminum, cadmium, a tantalum, or metal 
silicon or silicon, germanium, GaAs, A1N, InP, GaN and ZnS, ZnSe, ZnO and SiC, or the semiconductor 
material chosen from the mixed crystal of these between. 

[0025] As an ingredient which records a hologram, conventionally, the optical photosensitivity organic 
substance or an inorganic compound was used, and there was much constraint of an ingredient. In the 
process by this invention, it is the ablation of a base material by high density energy, or irreversible 
record by structural change, and almost all ingredients can be used. Moreover, it continues to stability 
for a long time, and the hologram recorded irreversibly once does not disappear, unless it warms even to 
extent to which an atomic arrangement structural change of the base material itself takes place. 
[0026] This base material can be preferably placed into a vacuum at the time of exposure. By placing 
into a vacuum, the particle and impalpable powder which are generated by ablation do not adhere to a 
base material front face, and the clean surface can be maintained. Moreover, a flat front face is 
maintained in an embedding mold hologram. 

[0027] Furthermore, this invention is the hologram irreversibly formed in the transparent compound, the 
semi-conductor, or the surface of metal to the light manufactured by the above-mentioned approach. 
[0028] Furthermore, this invention is a diamond, an alumina, sapphire or aluminum2 03, and Si02. It is 
the distribution black reflective mold (DBR) or distribution feedback mold (DFB) laser which used as 
the diffraction grating the hologram obtained by the manufacture approach of this invention using an 
exciton, the intrinsic photoemission based on interband transition, luminescence by the proper defect, or 
luminescence by the addition impurity by using as a laser medium the glass which consists of a 
presentation containing both or one side. That is, waveguide with a high refractive index is formed into 
the above-mentioned parent, and inside, a luminescence pin center,large is made to the interior, it is 
crowded, and DFB or a DFB laser can be further created by creating an embedding mold hologram in 
the both ends of this waveguide. 

[0029] Furthermore, this invention is a hologram manufacturing installation by the 2 beam laser 
interference exposing method used for the above-mentioned approach characterized by to consist of 
optical system which consists of a device for fine-rotating the optical delay circuit for controlling the 
condensing agreement location of the beam splitter for dividing the pulse beam from the femtosecond 
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laser light source and this laser into two, and pulsed light in time, and the flat-surface mirror, the 
concave surface mirror and this mirror for controlling spatially. A laser beam can be orthopedically 
operated in a gauss mold, and the aperture controlling element to which the threshold of hologram 
formation is reduced can be added to this equipment. 

[0030] As equipment with the highly precise position control nature which the optical system which is a 
micron scale and can control a location is required for a 2 beam laser aligner, and can respond to it, this 
invention According to the optical system having the function in which the existence of condensing 
agreement of the optical delay circuit in which minute control is possible, the flat-surface mirror which 
can be fine-rotated and a concave surface mirror, and two beams is detectable Two beams are condensed 
on the base material which records a hologram, or inside a base material, and it makes it possible to 
make two condensing spots agree in time and spatially. 

[0031] Furthermore, [0032] which constitutes equipment from reflected light faculty articles, such as a 
flat-surface mirror and a concave surface mirror, makes it possible to prevent degradation of coherence 
using the optical system which does not use transmitted light faculty articles, such as a lens, as much as 
possible, adjusts the arrangement and the number of the mirrors of each optical path, and makes the 
plane of polarization of a beam parallel further in order to improve coherence of two beams 
[Embodiment of the Invention] Drawing 1 is the conceptual diagram showing the optical system of the 
method of manufacturing a hologram by the 2 beam laser interference exposing method of this 
invention, and equipment. It is reflected by the flat-surface mirror Ml, and the laser beam irradiated 
from the femtosecond laser light source is the half mirror HF 1 used as a beam splitter, and is divided 
into a beam Bl and beam B-2. It is reflected by the flat-surface mirror M2 and the concave surface 
mirror M3, and a beam Bl condenses a front face or inside a base material SI. Instead of the concave 
surface mirror M3, flat- surface mirror M3* and the thick thin lens LI may be used. It is reflected by the 
flat-surface mirror M4 and the flat-surface mirror M5, and is further reflected by the concave surface 
mirror M6, and beam B-2 is condensed a front face or inside a base material SI . A lens L2 and flat- 
surface mirror M6 f may be used instead of the concave surface mirror M6. 

[0033] When creating a reflective mold hologram, it makes the interior of a base material SI condense 
beam B-2 reflected by the concave surface mirror 6 using the optical system shown by the thick dotted 
line by the flat-surface mirror M7 and the flat-surface mirror M8, although the optical pass shown as a 
continuous line is the case where a transparency mold hologram is created. It may change to the concave 
surface mirror M6, and a lens L2 and flat-surface mirror M6' may be used. In addition, as a thin dotted 
line shows to drawin g 1 , helium-Ne laser light is reflected by the flat-surface mirror M9, a base material 
SI is irradiated, and it may be made to act from the reflected light as the monitor of the formation 
process of a hologram. 

[0034] The flat-surface mirror M4 and the flat-surface mirror M5 function as an optical delay circuit. 
That is, the flat-surface mirror M4 and the flat-surface mirror M5 are made to move slightly to 1 -micron 
order with micro slide calipers, the relative optical-path-length difference of a beam Bl and beam B-2 is 
adjusted, and time coincidence of the condensing spot of two beams is performed. The concave surface 
mirror M3, the concave surface mirror M6, or the flat-surface mirror M8 is fine-rotated using micro 
slide calipers, and the condensing location of two beams is made spatially in agreement. In order that 
lenses LI and L2 may prevent degradation of coherence, they are closing in as much as possible, and 
what has a long focal distance is desirable. In this arrangement, the plane of polarization of the beam in 
a base material SI is parallel. Optical parameters, such as a focal distance when giving fringe spacing of 
the created diffraction grating and a lens function, are called for like what is obtained by the 2 beam 
laser interference exposing method for having used the conventional continuation light. 
[0035] Place a base material SI on a X-Y stage, it is made to move slightly using micro slide calipers, 
and records the hologram of minute area on the location of assignment of a base material SI. In the 
manufacture approach of this invention, it is one pulse laser light, and since a hologram is recordable, if 
two or more pulses are irradiated serially at a base material, a hologram is recordable on multiplex. If the 
base material is fixed between pulses, holograms overlap spatially. Moreover, if the plane of 
polarization of laser light is rotated, the formed hologram overlapping will rotate only this include angle 
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to each other. If two pulses which rotated plane of polarization 90 degrees especially are irradiated 
serially, the overlapping hologram will turn into a grid-like hologram. Even if it rotates a base material 
90 degrees instead of rotating plane of polarization, the hologram of the shape of same grid can be 
formed. 

[0036] Moreover, for every laser pulse, a base material can be moved in X and the direction of Y, it can 
migrate to the large surface field of a base material, and a hologram can be produced. Since the exposure 
time is very short, it may move a base material SI continuously. Especially, when moving the distance 
of the one half of fringe spacing for a base material between two exposures of a pulse using a 
piezoelectric device etc., as compared with the hologram recorded by one pulse, fringe spacing can form 
a half hologram substantially. When femtosecond laser with a wavelength of 800nm is used, since the 
minimum fringe spacing in a transparency mold hologram is 400nm, fringe spacing can form the 
hologram to 200nm by this approach. In order to make fringe spacing small, femtosecond laser with 
short wavelength may be used. 

[0037] Laser is playback magnification titanium sapphire laser suitably, and about 100 femtosecond, 
pulse energies are about 1 mJ / pulse, and when about 800nm and pulse width are converted into 
peaking capacity, it is good [ oscillation core wavelength / pulse width ] to be referred to as about 
10GW. A condensing spot size is about 100 TW/cm2, when it is a diameter of about 100 micrometer 
and converts into peak energy suitably. It is good to carry out. 

[0038] Drawin g 2 is the conceptual diagram showing time control of the condensing agreement location 
of the pulsed light of a beam Bl and beam B-2. For example, 100 femtosecond, it is made vacuum 
middle distance and corresponds to 30 micrometers. In other words, light exists only in die length of 30 
micrometers. Moreover, about 40 San-ya is included in the pulsed light of 100 femtoseconds as laser 
wavelength is 0.8 micrometers. Therefore, if the optical path difference of a beam Bl and beam B-2 is 
not set to 30 micrometers or less, even if two light pulses spread the same optical path spatially, they 
never will not overlap. That is, it is not in agreement in time. When a beam Bl and beam B-2 do not 
agree in time, as shown in (A) of drawing 2 , and (C), it is illustrated, respectively, and when it agrees in 
time, it is illustrated as shown in (A) and (B). 

[0039] Drawin g 3 is the conceptual diagram showing spatial control of the condensing agreement 
location of the pulsed light of a beam Bl and beam B-2. In the condensing point that a beam Bl and 
beam B-2 crossed in space like illustration, as (A) of drawin g 2 and (B) show, when pulsed light is in 
agreement also in time, two light interferes. When the light energy consistency of an interference bright 
section exceeds the record threshold of a base material, an interference pattern is recorded as a 
refractive-index modulation. 

[0040] In the manufacture approach of this invention, when a front face is made to condense, the 
hologram of the surface relief mold which has irregularity in a front face, and the surface hologram by 
the refractive-index modulation of a base material can be formed. Moreover, when condensing is 
controlled so that an interference fringe is made inside, the volume hologram of an embedding mold can 
be formed. 

[0041] The hologram obtained by the manufacture approach of this invention Are useful as a diffraction 
grating in an optical information communication link and an optical-memory technical field etc. as a 
concrete application The optical equipment using optical elements, such as a light wave length spectral 
separation component using a surface relief mold hologram, and an optical deflection component, or the 
component of those, Or the embed and using optical element [, such as a mold light wave length spectral 
separation component, an optical deflection component, a light wave length output equalization 
component, and an optical distribution recovery component, ] or those components optical equipment 
using a volume hologram is illustrated. 

[0042] Moreover, the surface relief mold hologram for an ornament, marking, or forged prevention or a 
volume hologram is illustrated. Furthermore, a multilayer hologram record medium, the harmonic 
generation component by pseudo-phase matching (QPM), and the equipment using the component are 
illustrated. 

[0043] Furthermore, the diamond of this invention, sapphire, an alumina, aluminum 203, and Si02 
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Luminescence of intrinsic photoemission, a proper defect, or an addition impurity be use through the 
glass which consist of a presentation containing both or one side, and the distribution black reflective 
mold ( DBR) which used as reflection or a deviation component the hologram obtained by the approach 
of this invention or a distribution feedback mold ( DFB) laser component, and the equipment using the 
component be illustrate. 
[0044] 

[Example] The transparency mold hologram was recorded in atmospheric air using the 2 beam laser 
interference exposure optical system shown in example 1 drawing 1 . The combination of flat-surface 
mirror M3\ a lens LI, and a flat-surface mirror M6' and a lens L2 was used. The single crystal of 
sapphire with a magnitude of 10x1 0x1 mm was used for the base material SI which records a hologram. 
Incidence of the laser beam was carried out at right angles [ this sapphire single crystal ] to the c-th 
page. It considered as about 1 mJ / pulse, and the beam Bl was set to 0.7mJ(s), it set beam B-2 to 0.3mJ 
(s), and the laser output condensed each beam in the diameter of about 100 micrometer, and recorded the 
hologram by one pulse. Furthermore, in order to operate a laser beam orthopedically to Gaussian 
distribution, the energy of the beam Bl required to record a hologram and B-2 has been reduced to 1/5 
by inserting the aperture controlling element A 1 in an optical path. 

[0045] As shown in drawing 4 , the include angle theta which a beam Bl and beam B-2 make was 
exposed in two cases, 10 degrees and 30 degrees, and as shown in drawing 5 , grid fringe spacing of 1 .5 
micrometers and 3 micrometers was obtained, respectively. The grid fringe spacing d was in agreement 
with the value given by lambda=n-d-sin theta / 2 using 1 which is the value of air as 800nm and n as 
laser wavelength lambda. Moreover, it has checked that it was the hologram of a surface relief mold 
from measurement of AFM. Area in which the hologram was formed was a diameter of about 50 
micrometer. Moreover, since record by one pulse was possible, continuation migration of the X-Y stage 
was carried out in time, and the hologram has been recorded on one sample to the number of repeats of a 
pulse. 

[0046] The diffraction pattern 13 projected on the diffraction grating 1 1 obtained in this example at the 
screen 12 when irradiating helium-Ne laser (lambda= 633nm) is shown in drawing 6 . The high order 
diffracted light was seen, and the reinforcement of the primary diffracted light is about 20%, and it has 
been proved [ reinforcement ] that this diffraction grating could be applied to various diffracted-light 
faculty articles. 

[0047] The surface relief mold hologram was recorded on the golden thin film using the same 2 beam 
laser interference exposure optical system as example 2 example 1 . In order to operate a laser beam 
orthopedically to Gaussian distribution, the aperture controlling element Al was inserted in the optical 
path. The golden thin film with a thickness of about 250nm created with vacuum deposition on glass 
was used as the base material which records a hologram. The beam Bl after beam plastic surgery was 
0.1 3mJ, and the beam 2 was 0.07mJ. The include angle theta which two beams make was 20 degrees. 
Fringe spacing of the obtained diffraction grating was in agreement with the value given by lambda^n- 
d-sin theta / 2 using 1 which is the value of air as 800nm and n as laser wavelength lambda. 
[0048] The surface relief mold hologram was recorded on the silica glass film using the same 2 beam 
laser interference exposure optical system as example 3 example 1 . As an ingredient, Si02 thin film 
(thickness: 1 14nm) produced by thermal oxidation was used on Si single crystal. A beam Bl and B-2 
are energy intensity 25microJ, and condensed on the ingredient front face at the diameter of about 100 
micrometer, respectively. At 90 degrees, the lattice spacing on count of the include angle which two 
beams make is 580nm. The AFM image of the diffraction grating obtained by drawin g 7 is shown. From 
this AFM image, it has checked that the surface relief mold hologram with a channel depth [ of 2-3nm ] 
and a slot spacing of 580nm was formed. The depth of flute is 2 - 3% of silica glass thickness, and was 
mostly in agreement with contraction accompanying the photoinduced structural change in silica glass. 
The process which carries out chemical etching of this hologram to drawing 8 is shown notionally. 1%, 
chemical etching is a fluoric acid solution and was performed for 5 minutes. The AFM image of the 
hologram after etching is shown in drawing 9 . It has been checked that the diffraction grating to which 
the depth of flute became deep and had a high aspect ratio in 18-20nm had been obtained from this AFM 
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image. 

[0049] Example 4 drawing 10 shows the concept of the approach of this example. As shown in drawin g 
10 , the hologram was recorded on the silica glass dipped into the solution using the same 2 beam laser 
interference exposure optical system as an example 1 . . Any one of water, a hydrogen fluoride water 
solution, an acetone, ethanol, a methanol, a hydrochloric-acid water solution, and nitric-acid water 
solutions was used for the solution. The energy intensity of Bl and B-2 is 400microJ, respectively, and 
two pulse collision locations were set as the interior of a base material. In atmospheric air, on the same 
conditions, when laser light was irradiated, the damage by ablation occurred on the front face of a base 
material, but when a base material was dipped into a solution, the front face of a base material was flat 
and has formed the diffraction grating only in the interior of a base material. Especially, in the case of 
1% fluoric acid water solution, processing distortion was not detected in silica glass. 
[0050] Example 5 drawing 1 1 shows the concept of the approach of this example. As shown in drawin g 
il , after dividing the pulse of titanium sapphire laser (wavelength: 800nm, pulse width: 100 
femtosecond, repeat frequency: 10Hz) into two beams, Bl, and B-2 by the beam splitter, it was made to 
collide in atmospheric air. Reinforcement of a beam was set to 0.75mJ(s), respectively. Whenever 
[ beam angle / of Bl and B-2 ] was changed among 0-180 degrees. After tuning mirrors Ml and M2 
and lenses LI and L2 finely and making two beams spatially in agreement, two beams were made in 
agreement in time using an optical delay circuit. The spectrum of the pulse after a collision was carried 
out using the spectroscope. Also in whenever [ which beam angle ], when two beams were in agreement 
spatially and in time, as compared with the time of not being in agreement, the 3 time higher harmonic 
wave of high intensity was observed remarkably, and it turned out that this method is effective in 
detection of the existence of spatial and time coincidence of two femtosecond pulse beams. This method 
is effective in measurement of femtosecond pulse period width of face etc. 

[0051] Using the same 2 beam laser interference exposure optical system as example 6 example 1, it 
embedded in the diamond and the mold hologram was recorded. In order to operate a laser beam 
orthopedically to Gaussian distribution, the aperture controlling element Al was inserted in the optical 
path. The base material SI which records a hologram was a natural diamond (Type Ha, a SAWN cut, the 
optical absorption end: 220nm), and the magnitude of a base material was 3x3x0.5mm. It is 0.14mJ, 
beam B-2 is 0.06mJ, and the beam Bl condensed both beams in the location inside a base material SI at 
the diameter of about 100 micrometer. By the case where the include angle theta which a beam Bl and 
beam B-2 make is 10 degrees, the embedding mold hologram which has fringe spacing of about 3 
micrometers in a depth of about 1 micrometer has been formed from the front face of a base material S 1 . 

[0052] Measurement of AFM to the front face was flat. From Raman scattering of the formation section 
of a diffraction grating, it has checked that graphite-like carbon could be formed. The diffraction 
efficiency at the time of irradiating helium-Ne laser was about 20%. From the above result, it has been 
proved that this hologram could be applied as a diffracted-light study component of various embedding 
molds. Moreover, it has been proved that this hologram could apply also as a hologram for forged 
prevention. 

[0053] The 2 beam coincidence detection approach of an example 5 was built into the 2 beam laser 
interference exposure optical system of example 7 example 1, and the hologram was recorded on the 
silica glass film which oxidized Si substrate thermally. The reinforcement of Bl and B-2 is 20microJ, 
respectively, and the include angle of two beams condensed in the diameter of about 100 micrometer on 
the surface of the base material at 158 degrees. From the AFM image shown in drawing 12 to slot 
spacing: It checked that the 430nm diffraction grating was recorded. 



[Translation done.] 
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